Introduction
The early clinical diagnosis of parkinsonian syndromes (PS) is made difficult by subtle and nonspecific presenting symptoms. A randomized study of early, clinically uncertain parkinsonian syndrome (CUPS) 123 I] imaging), an increase in physician's confidence of the revised diagnosis, and a significant change in clinical management [1] . In the current study, we investigated the effect of subject's age, disease stage, and other clinical and neurocognitive measures on diagnostic performance of ioflupane [ report the diagnostic effectiveness (sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy) of ioflupane [ 123 I] imaging versus the final clinical diagnosis for subjects who had both ioflupane [ 123 I] imaging results at baseline and a specific clinical diagnosis 1 year post scan, including analyses based on subject's Hoehn and Yahr (H&Y) stage, Mini-Mental State Examination (MMSE) score, age, and predominant clinical syndrome subgroup. It has already been established that age is a contributing factor in the progressive decline of dopamine transporter (DaT) binding in healthy aging subjects [2] . However, it has also been shown that age of Parkinson's disease (PD) patients contributes to disease severity, independent of the duration of disease [3] .
Possible effects of age and gender on disease severity were investigated by Szewczyk-Krolikowski and colleagues, who observed some clinical/phenotypic heterogeneity in age and gender subgroups, but the study did not include ioflupane [
123 I] imaging [3] . Other investigators have attempted to use changes in motor symptom scales (Unified Parkinson's Disease Rating Scale) as predictors of clinical course, but found no change over time in a small group of patients with scans without evidence for dopaminergic deficiency with DaT singlephoton emission computed tomography (SPECT) [4] . Whilst the Unified Parkinson's Disease Rating Scale effectively measures the progression of PD symptoms for the first 10 years of the disease [4] , other investigators have used the H&Y stage, as in the current study, rather than the Unified Parkinson's Disease Rating Scale [5] . Nissen and colleagues found an inverse correlation of dopamine transporter uptake ratios with H&Y stage and dosage of antiparkinson drugs [5] .
The current analysis was undertaken to evaluate whether particular patient characteristics -specifically H&Y stage, MMSE score, age, and clinical syndrome phenotype -were associated with relatively better or worse diagnostic performance of ioflupane [
123 I] imaging in CUPS using 1-year post-scan clinical diagnosis as a reference standard.
Methods
The clinical and imaging methods were reported previously [1] . Ioflupane [
123 I] has been validated in several clinical trials and was approved for use in 2000 in the EU and in 2011 in the USA [6, 7] . Of the 122 subjects from the phase 4 clinical trial who received ioflupane [ 123 I] imaging studies, 30 subjects had nonconfirmed diagnoses at 1 year, disqualifying them from being included as a reference standard (confirmed diagnosis at 1 year), resulting in 92 subjects with CUPS who were qualified for this analysis [1] . The clinical trial was approved by local ethics committees and their institutional review boards (see Additional file 1) and was conducted under the Declaration of Helsinki. Informed consent was obtained by subjects or their guardians for that trial, which covered data analysis and publications related to the study. Ninety-two subjects with complete subgrouping datasets ( Subjects in the tremor dominant subgroup had tremor scores greater than their maximal score for bradykinesia, rigidity, or postural instability. Subjects in the BRP dominant subgroup had the maximal score of bradykinesia, rigidity, or postural instability greater than their score for tremor. Subjects in the balanced group had maximal BRP scores equal to tremor scores. The scores were calculated by assigning numbers scores for motor signs: 1 for none, 2 for possible, and 3 for definite.
Data source
Data analyzed included baseline H&Y stage, MMSE score, age at baseline, predominant clinical syndrome subgroup, and ioflupane [ 123 I] imaging results in subjects with CUPS [1] . Subjects with CUPS defined as monosymptomatic, atypical or incomplete presentation of tremor, rigidity, bradykinesia or postural instability, and/or had a poor response to levodopa were enrolled in the study. Please see Methods for the selection process of the 92 subjects from 19 hospital centers in Europe (15 centers) and the USA (four centers) who were included in this report. Subjects in this study had experienced motor and nonmotor signs and symptoms, and were under physician observation for up to a maximum of 5 years prior to ioflupane [ 
Statistical methods
The statistical analysis plan was to generate diagnostic efficacy parameters -sensitivity (equivalent to positive percent agreement), specificity (equivalent to negative percent agreement), PPV, NPV, and accuracy -for ioflupane [
123 I] imaging in subject subgroups. The subgroups for H&Y stage, MMSE, and subject's age were based on dichotomization; that is, an entire population at the median values (to ensure the same number of subjects in low and high subgroups). Dichotomization is a common statistical approach used with limited datasets for which categorical, more meaningful subdivisions requiring a much larger sample size cannot be used. The median values were chosen as the cutoff points to avoid subjectivity by the authors and to prevent outliers from having undue influence. The values we used were H&Y median score of 2, MMSE median score of 29, and median age of 68 years, respectively. The subgroups for dominant motor syndrome were based on a clinically common classification into tremor dominant, BRP dominant, and balanced subgroups. 
Results

Study population
The number of subjects analyzed in four subgroups was 92, with approximately equal distribution between normal and abnormal ioflupane [ 
Hoehn and Yahr stage
At baseline, most of the 92 subjects in this group were in the early stages of disease (H&Y stages 1 to 2), split about evenly between the two stages. Slightly less than one-half of the subjects had normal ioflupane [ Efficacy parameters for ioflupane [ 123 I] imaging ranged between 91 and 100% to determine whether or not subjects had PS or non-PS at 1 year for all diagnostic efficacy parameters: sensitivity, specificity, accuracy, PPV, and NPV. In addition, all of the efficacy parameters showed similar high values for subject groups having either low (<2) or high (≥2) H&Y stage scores (Table 2, Figure 1A ).
Mini-mental state examination
At baseline, the majority of subjects had MMSE scores <29 (Table 3, Figure 1B ). The number of subjects with normal Data presented as numbers. B, balanced; BRP, bradykinesia, rigidity, postural instability; CUPS, clinically uncertain parkinsonian syndrome; H&Y, Hoehn and Yahr; MMSE, Mini-Mental State Examination; PS, parkinsonian syndrome; TD, tremor dominant. a TD, tremor score > BRP; BRP dominant, BRP > tremor score; B, maximal score of BRP = tremor score. Scores for these motor signs were 1 for none, 2 for possible, and 3 for definite. ] imaging results was approximately equal for both groups, as were diagnoses of PS and non-PS at 1 year post scan. Sensitivity, specificity, accuracy, PPV, and NPV ranged between 94 and 95% for prediction of clinical diagnosis at 1 year, both in subjects with MMSE scores <29 and in subjects with MMSE scores ≥29. No noticeable differences were observed between low-scoring and high-scoring MMSE groups for any of the parameters.
Subject's age
At baseline, subjects were divided relatively equally between the younger group (<68 years of age) and the older group (≥68 years of age) (see Table 4 , Figure 1C ). The older group had slightly more subjects with abnormal ioflupane [
123 I] imaging results than the younger group. Likewise, diagnoses of PS and non-PS 1 year post dose were evenly divided for both younger and older age groups. The sensitivity, specificity, accuracy, PPV, and NPV of ioflupane [
123 I] imaging were all high (ranged between 91 and 100%) in both groups. Overall, no noticeable difference was observed between age groups for all tested parameters.
Clinical syndrome predominance
Subjects with baseline motor signs with predominance of bradykinesia, rigidity, or postural instability had moderate (ranged between 67 and 89%) sensitivity, accuracy, and PPV of ioflupane [ 123 I] imaging (see Table 5 , Figure 1D ). The specificity and NPV of ioflupane [ 123 I] imaging were lower for the BRP dominant subgroup as compared with other clinical subgroups, both for tremor dominant, for In contrast, all of the efficacy parameters of ioflupane [ 123 I] imaging in subjects with tremor dominant and balanced motor signs ranged between 92 and 100%, showing specificity of 100% for the tremor dominant and balanced motor signs subgroups (see Table 5 , Figure 1D ).
In addition, we estimated the diagnostic effectiveness of baseline clinical diagnosis without availability of imaging results (Table 6 ) and compared it with the effectiveness of ioflupane [
123 I] imaging (Table 7) . Although the range of observed specificity of baseline clinical diagnosis was 33 to 56% for the three subgroups, the difference in diagnostic performance between these groups for baseline clinical diagnosis was not significant for all tested parameters (Table 6) .
For the BRP dominant subgroup, the difference between ioflupane [ 123 I] imaging and baseline clinical diagnosis was not significant for all tested parameters (Table 7, Figure 2A) .
Comparison of the specificity, PPV, and accuracy of ioflupane [
123 I] imaging with the same parameters for baseline clinical diagnosis (both compared with 1-year post-scan clinical diagnosis as reference standard) found significant differences for the tremor dominant and balanced subgroups (Table 7 , Figure 2B ,C). For the tremor dominant group, specificity, PPV, and accuracy were significantly higher for ioflupane [
123 I] imaging (all 100%) as compared with the baseline clinical diagnosis (ranged between 44 and 66%). For the balanced subgroup, specificity, PPV, and accuracy were significantly higher for ioflupane [ 123 I] imaging (100%, 100%, and 97%) as compared with the baseline clinical diagnosis (54%, 73%, and 74%).
Discussion
Strengths and limitations of the study
The findings in this study are broadly in line with hypothetical predictive models and augment the scant literature examining the effects of age, clinical stage of PD and cognitive impairment on the utility of ioflupane [ 123 I] imaging as an adjunct to clinical diagnosis. This study is the first robust statistical analysis of several potential influences on the efficacy of ioflupane [
123 I] imaging that measures their effect on image interpretation and supports the value of imaging in a real-world setting where clinicians are able to incorporate imaging results to assist them in making a diagnosis and subsequent treatment plan. The open-label setting is both a strength and a possible limitation of the study. Whilst the findings of the study indicate some utility of ioflupane [ 123 I] in assisting diagnosis, one of the possible methodological limitations of this study is that information from the imaging scan could have influenced the clinician's standard-of-truth diagnosis, causing a shift in the subsequent clinical management of the subject [1] . The onsite f Specificity is equivalent to negative percent agreement. Tremor score > maximal score of bradykinesia, rigidity, or postural instability.
c: Maximal score of bradykinesia, rigidity, or postural instability = tremor score. d P value is based on Fisher's exact test.
e Sensitivity is equivalent to positive percent agreement. f Specificity is equivalent to negative percent agreement.
image evaluations by nuclear medicine physicians blinded to the clinical information were based on the findings of one qualified local reader per study site, and were not the consensus of a panel of multiple readers, a situation that was specifically designed to resemble clinical practice. At the time of the 1-year diagnosis, the general neurologists or movement disorder specialists had access to imaging information. The study was designed with a 1-year followup period post scan to be used as a reference standard, although the efficacy results between 90 and 100% had already been established in tremor and balanced subgroups, showing a potential ceiling effect for the test. It would be desirable to use a longer follow-up period for the BRP subgroup as a reference standard. Study subjects had clinical symptoms up to 5 years prior to enrolment in the study (mean 2.54 years), which in combination with the additional 1-year clinical follow-up and availability of imaging information should generally be sufficient for the final clinical diagnosis to be used as a reference standard in tremor and balanced subgroups [1] . This is the first study showing a difference for ioflupane [ 123 I] imaging between different motor syndrome subgroups, including subjects with CUPS. Because of the modest study size and possible unequal distribution of subjects amongst motor syndromes, the small number of participants in the BRP dominant subgroup may not be sufficiently powered to adequately address real differences in imaging utility from other motor subgroups. Despite this, the overall accuracy of ioflupane 
Discussion of findings
It has been established that SPECT imaging of presynaptic DaTs has utility in the premotor diagnosis of PD, as noted in analysis of cohorts presenting with REM sleep behavioral disorder or anosomia/hyposmia [8, 9] although data from the DLB Study Group would suggest the technique could be of diagnostic utility even in the presence of severe cognitive impairment [12, 13] .
An average age-related decline of DaT availability of 5.5% across both genders per decade has been reported from work on normal healthy controls [14] . This reduction of DaT [10, 11] , however, suggest a reasonable correlation with work from Braak and colleagues [15] suggesting that ioflupane [ 123 I] image abnormality at motor PD presentation is in line with an estimated 60 to 80% dopaminergic cell loss at motor presentation, and is in any case associated with asymmetrical striatal signal loss rather than the symmetrical loss due to ageing. In accord with the published literature, this would be expected to yield substantial ioflupane [
123 I] imaging abnormality, and the majority of patients in this study had grade 2 to 3 abnormality (moderate-severe) rather than grade 1 (mild). The mild age-related symmetric reduction in DaT binding with increased age would therefore probably not have a significant effect on diagnostic performance of this test, and the findings in our study are in keeping with this hypothesis.
There have been a number of reports on the pattern of ioflupane [
123 I] image abnormality seen in the motor subtype of PD analyzed, broadly tremor dominant versus akinetic-rigid phenotypes [16] . These studies did not analyze clinical utility of ioflupane [
123 I] imaging in making an accurate clinical diagnosis in the two phenotypes, although the areas of reduced dopaminergic projection differ between the two, with visible reduction to the dorsal putamen in akinetic-rigid patients and in the caudate nucleus in tremor dominant patients [16] . In general, the differential diagnosis of a tremulous parkinsonian presentation is more limited than that of an akineticrigid presentation. The former would include tremor dominant PD or an alternative benign tremulous condition where parkinsonian features might be noted. The latter has been termed benign indeterminate tremor by Deuschl and colleagues in the 1992 Movement Disorder Society tremor classification system [17] . A further differential to consider in these cases would be benign tremor with parkinsonism due to an alternative causation (for example, benign tremor on an age-related background of vascular parkinsonism) or a drug-induced tremor-parkinsonism causation (for example, sodium valproate exposure) [17, 18] . The differential clinical diagnosis of akinetic-rigid phenotypes (that is, BRP in the present analysis) is challenging and includes PD, multiple system atrophy, progressive supranuclear palsy, and Lewy body dementia, all of which would be expected to be associated with loss of dopamine transporters. In contrast, age-related changes -possibly vascular parkinsonism, medication-induced parkinsonism, normal pressure hydrocephalus, tardive parkinsonism secondary to neuroleptics, the Westphal variant of Huntington's disease, Machado-Joseph disease (SCA-3), or manganese toxicity -are associated with more or less preserved presynaptic dopamine terminals, and with normal or less pathological ioflupane [
123 I] imaging scans [19] . Notably, a recent autopsy study including 16 patients with a diagnosis of probable PD at death reported at least seven pathologies not typically associated with dopamine terminal loss (3/12, no clear pathologic process; 1/12, hippocampal sclerosis; 1/12, vascular disease; 1/12, Alzheimer's disease; 1/12, Alzheimer's/vascular disease) [20] . Conceivably, although the present study was not controlled by postmortem data, similar clinical difficulties may account for the lower specificity and NPV in the BRP group in the present analysis. Given the wide range of differential diagnosis in an akinetic-rigid parkinsonian presentation, a longer duration may be needed to improve the reference standard of 1 year in less certain cases; but 1 year should be sufficient for the tremor dominant and balanced subtypes in generating an accurate long-term clinical diagnosis, although this proposition has not been formally tested. The data from this study are in keeping with these suppositions, showing a reduced diagnostic performance (specificity, NPV, and accuracy) in BRP presentations versus either tremulous or balanced motor presentation of disease. The diagnostic performance for ioflupane [ According to our findings, the type of initial motor signs has an observable relationship with the predictability of performance of ioflupane [ 123 I] imaging, with tremor dominant and balanced motor scores being more highly predictive of PS than bradykinesia, rigidity, or postural instability dominance. In our trial, the type of dominant motor signs, but not the H&Y stage, MMSE score, or age, impacted the diagnostic performance of ioflupane [ 
